Modelling NADH turnover in plant mitochondria.
NADH is central to the functioning of mitochondrial respiration. It is produced by enzymes in, or associated with, the tricarboxylic acid cycle in the matrix, and it is oxidized by two respiratory chain enzymes in the inner membrane, the rotenone-sensitive complex I and the rotenone-insensitive internal NADH dehydrogenase (ND(in)). A simplified kinetic model for NADH turnover in the matrix of plant mitochondria is presented. Only the two main NADH-producing enzymes, NAD-malate dehydrogenase [EC 1.1.1.37] (MDH) and NAD-malic enzyme [EC 1.1.1.39] (ME), are considered. This model reproduces the complex behaviour of malate oxidation by isolated mitochondria in response to additions of ADP (state 3/state 4), NAD(+) and/or rotenone, as well as to changes in pH. It is found that MDH always operates at or close to equilibrium. Changes in the activity of complex I, ND(in), or ME are predicted to cause clear changes in the pattern of malate oxidation. In general, the model predicts high sensitivity to changes in the ME activity. In contrast, MDH activity can be reduced 100-fold without detectable changes in malate oxidation. It is demonstrated that it is not the high activity, but the equilibrium properties of MDH that are important for the redox-buffering function of MDH in the mitochondrial matrix. Binding of NAD(+) and NADH in the matrix reduces the concentrations of free NAD(+) and NADH, depending on the concentration of binding sites and the binding strength. On the basis of the modelling results it is estimated that a significant proportion of the mitochondrial NAD is bound.